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Abstract:
Per unit of area, Ecuador is home to the most herpetofauna of any region on Earth, yet many
ecosystems are under researched. Positioned between the Eastern Andes and the Amazon
rainforest, the Río Pastaza Basin of Ecuador has been the recent focus of anuran biodiversity
surveys and is home to many endemic species. This study aimed to determine how the anuran
community composition of a vertical transect in the Llanganates National Park varied between
elevations. A 7-day expedition was conducted along a new trail up Abitagua Range spanning
1,050 m in elevation. Each night, visual encounter surveys were employed to assess the species
richness, biodiversity, and similarity of each site sampled. The 6 sites were grouped into 3
categories by habitat type and elevation: Disturbed Forest (1,450-1,500 m), Low Primary Forest
(1,450-1,675 m), and High Primary Forest (2,150-2,500 m). Each site housed very different
community compositions, and 7 potentially new species were discovered above 1,600 m
elevation. The Primary High group had the highest diversity, and 6 of the potentially new species
were discovered in that elevational range. Future investigation should focus on high elevation
habitats in the Llanganates as a source of undiscovered herpetofauna biodiversity.
Resumen:
Para unidad de área, Ecuador tiene la cantidad más alta de herpetofauna en el mundo, pero
muchos ecosistemas no han sido investigados. Entre los Cordillera Oriental de los Andes y la
Amazonía Ecuatoriana, la cuenca del Rió Pastaza ha sido el enfoque de investigaciones recientes
de la biodiversidad de ranas, y la región es el hogar de muchas especies endémicas. Este estudio
intentó analizar cómo la composición de las comunidades de ranas se diferencia entre alturas
diferentes con un transecto vertical en el Parque Nacional Llanganates. Una expedición de 7 días
fue cumplida a lo largo de un sendero nuevo de 1,050 metros de altura en la Cordillera Abitagua.
Cada noche, muestreos de encuentra visual fueron hechos para evaluar la biodiversidad y la
riqueza de especies en cada sitio valorado. Los 6 sitios fueron divididos en 3 grupos según su
tipo de hábitat y altura: Bosque Afectado (1,450-1,500 m), Bajo Bosque Primario (1,450-1,675
m), y Alto Bosque Primario (2,150-2,500 m). Cada sitio tuvo una comunidad muy diferente, y 7
especies posiblemente nuevas se descubrió arriba de 1,600 m de altura. El Alto Bosque Primario
tuvo la biodiversidad más alta de los tres grupos, y 6 de las especies posiblemente nuevas se
descubrió en este rango de altura. Estudios en el futuro se deben enfocar en las regiones de
elevación alta en los Llanganates como una fuente de biodiversidad de herpetofauna no
descubierto.
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Introduction
Ecuador is one of the most biodiverse countries in the world. Per unit of area, it is home
to the most herpetofauna species of any region on Earth (Ron et al. 2021). These herpetofauna
are often concentrated in biodiversity hotspots with unique eco-geological characteristics, such
as riparian zones and areas with steep topographical changes in elevation (Navas 2002 & YánezMuñoz et al. 2010). These amphibians and reptiles fill many important ecological niches for the
diverse habitats of Ecuador, including the cloud forest, the páramo, and the Amazon rainforest.
Additionally, amphibians have an incredible potential to contribute to human wellbeing as a
source of biopharmaceutical compounds (Ron et al. 2021). Unfortunately, herpetofauna, and
particularly amphibians, are very sensitive to environmental contamination, habitat loss, and
other disturbances, and as such they are facing extinctions worldwide (Jongsma et al. 2014 and
Cubides & Cardona 2011). In Ecuador, petroleum extraction is a driving force of deforestation
and environmental contamination, and many biological reserves are threatened by the
implementation of new extraction sites. A 2014 study of canopy-dwelling anurans found that
seemingly minimal disturbances to rainforest habitats can have consequential negative impacts
on anuran communities (McCracken et al. 2014) For these reasons, it is imperative to study the
herpetofauna of Ecuador before they are lost to science.
Many amphibians remain unknown to science because of their reclusive lifestyles, being
nocturnal and attached to specific habitats. In the montane tropical forest of Ecuador, the altitude
gradients contribute to the very high levels of endemism, which adds to the difficulty of
assessing the region’s true biodiversity. Recently, environmental organizations such as the
EcoMinga Foundation and Instituto Nacional de Biodiversidad (INABIO) have begun
comprehensive studies of Ecuador’s amphibian communities, focusing on sites that are expected
to have high herpetofauna diversity (Ron et al. 2021 & EcoMinga Foundation). These sites
include the Río Anzu basin, the Río Pastaza basin, and the Sangay Ecological Corridor (Yánez-

Muñoz et al. 2010 & Reyes-Puig et al. 2019). Among these regions, many new species of frogs,
snakes, and lizards have recently been discovered, such as new frog species in the genus
Pristimantis (Reyes-Puig et al. 2015). A herpetological guide focusing on the Río Anzu region
was recently published, and it registered 68 frog species (Bentley et al. 2021). As new species
are being discovered, the true list of frog biodiversity continues to expand. There is a great need
for further investigation in these areas and much work to be done.
Despite directed study of these regions, many areas have not been surveyed. A relatively
new and promising site is Sumak Kawsay In Situ Reserve (SKIS), which is located at the edge of
the Llanganates National Park near the Río Anzu in the Pastaza Province, in Mera County
(Sumak Kawsay in situ) (Fig. 1). The reserve contains humid tropical forest and eastern humid
montane forest habitats (Sumak Kawsay in situ). In general, the Río Anzu region is characterized
by high endemism due to the rain shadow effect, its proximity to the equator, as well as its
unique geology, making it a key location for biodiversity studies (Sumak Kawsay in situ).
Herpetofauna biodiversity has been known to change drastically within small regions due to
environmental factors such as access to water, topography, and other variables (Ron et al. 2021).
Additionally, the SKIS site is located at the foothills of Abitagua Range of the Llanganates
National Park, which includes land in the provinces of Cotopaxi, Napo, Pastaza, and Tungurahua
(Ministerio del Ambiente 2015). The 219,931 hectares of the Llanganates National Park are
largely inaccessible due to dense forests and steep slopes, so the region’s biodiversity has been
studied little (Ministerio del Ambiente 2015). The park is bordered by the Río Zuñac Reserve,
located in the upper Río Pastaza watershed, which serves as a buffer zone and protects the
national park from human activity (EcoMinga Foundation). As such, learning what species exist
in this region of the park helps quantify what the Río Zuñac reserve is protecting and gives
power to conservation organizations such as EcoMinga to gain more legal protection for the
reserve. Therefore, characterizing the region’s herpetofauna biodiversity is an emerging
opportunity of utmost importance.

Figure 1. Satellite map of the study area within Ecuador. The study area is located on the
eastern side of the Andes, between Sumak Kawsay In Situ (SKIS) and Abitagua Range
(Cordillera Abitagua).

This study aimed to investigate how the anuran community composition of the region
changes along a 1,050 meters altitude gradient from SKIS to the lower peak of Abitagua Range
in the Llanganates, a previously unexplored area. To complete visual encounter surveys (VES) of
these elevations, a new trail was cut in the Llanganates National Park between SKIS and a lower
peak of Abitagua Range. Along the trail, VES were conducted over 6 nights, and each night a
new site at a higher elevation was surveyed. In 2019, a study of the anuran community of the
different habitat types at SKIS (1,450 m) was conducted using comparable methods (Libke
2019). The overall anuran biodiversity of all sites sampled was hypothesized to resemble the
results found by Libke 2019 in that the Strabomantidae and Hylidae families would be most
abundant.
In addition, the anuran community composition was expected to vary greatly with
elevation and that a high species turnover would be observed, such that the two elevation
extremes included in this study would have little to no overlap in species. The elevational range
of this investigation was 1,050 meters, offering a wide range of potential ecological niches and
microclimates. Amphibian ranges in tropical climates are known to be hyper localized, and it
was predicted that elevational differences would augment this trend, resulting in high levels of
endemism within the Abitagua Range (Yánez-Muñoz et al. 2010).
Species richness was hypothesized to follow a hump-shaped pattern with elevation,
initially increasing and then decreasing, with the highest richness sites occurring in the midaltitudinal range of the study (Hu et al 2011). The biodiversity was expected to follow a similar
trend as species richness and follow a hump-shaped pattern, with the middle elevations being
most biodiverse. This hump-shaped distribution is predicted by Rapoport’s rule, which states that
along an elevational gradient, species richness will initially increase and then decrease
(Goyannes-Araújo et al. 2015).
Several environmental factors were also measured to determine what factors, in addition
to elevation, might be correlated with species biogeography. These factors include temperature,
humidity, soil pH, and canopy cover. Temperature and humidity are proxies for climate, and
these variables are especially important for frogs, which rely on sources of water to reproduce
and keep their skin moist. Soil pH is especially important for ground-dwelling and leaf litter
frogs, which rely on a moist substrate (Fauth et al. 1989). Canopy cover is related to forest
structure, transpiration rates, microclimates, and can affect how much rain reaches the soil.
Canopy cover is also positively correlated with the oviposition rates of glass frogs (Pizzini
2007).
In warm and humid environments that receive a high amount of rainfall, soils often
become more acidic over time due to nutrient leaching (Natural Resources Conservation
Service). This was predicted to occur on Abitagua Range of the Llanganates National Park. Soil
pH was predicted to decrease with an increase in elevation due to higher amounts of precipitation
at higher altitudes that cause leaching and soil acidification. Soil pH was also anticipated to be
positively correlated with frog abundance, with more individuals being observed in sites with
higher pH, which were predicted to occur at lower elevations (O’Brien et al. 2020). Temperature
was predicted to decrease with increased elevation, and humidity was predicted to increase with
increased elevation, as the peak of Abitagua Range is often covered in clouds, and precipitation
occurs almost daily. The canopy coverage was predicted to decrease with elevation, and the
highest canopy coverage was expected to occur in the lowest elevation of primary forest.
Previous expeditions within the Llanganates National Park have noted that tree density tends to

decrease with elevation, and the same pattern was predicted to apply to this study’s expedition as
well.
Methods
Frog Community Composition
1. Site selection
To determine how the frog community composition in the Abitagua Range of the
Llanganates National Park changes with elevation, an expedition to climb Cordillera Abitagua
(Abitagua Range) was planned. The seven-day expedition started on November, 25, 2021 at
Sumak Kawsay In Situ (SKIS) and ended on December 1, 2021 back at SKIS. The starting
elevation was 1,450 meters above sea level, and the highest elevation sampled was 2,500 meters
above sea level, totaling a 1,050 meter increase in elevation (Fig. 2). For the first 6 days, the 8person team increased in elevation and visually sampled for frogs each night, creating a vertical
transect within the mountain. The team descended the entire trail on the final day and returned to
SKIS.

Figure 2. Expedition trail and study sites in the Abitagua Range. The expedition trail is
superimposed on a map of the Abitagua Range in the Llanganates National Park. The three
campsites and SKIS are indicated with red points. The end of the Cuchilla trail is represented by
an orange point labeled “CU.” The Charcas sample site is indicated with a blue point labeled
“CH.” The highest point sampled (2,500 m) is shown as a yellow point labeled “L4.” The ranges
of the Llanganates expedition trail sites are indicated by colored lines. The site abbreviations are
as follows: CH = charcas, CU = cuchilla, L1 = Llanganates 1, L2 = Llanganates 2, L3 =
Llanganates 3, L4 = Llanganates 4, L5 = Llanganates 5.

At SKIS, visual encounter surveys were completed before and after the expedition (Fig.
2). Surveys were conducted in two habitat types: disturbed and primary forest. The disturbed
habitat was named the “charcas” (ponds), and the primary forest was called the “cuchilla” (ridge)
and included a riparian zone as well.
2. Sampling method
Each night during the expedition, between 1.5 and 7 hours of visual encounter surveys
were conducted, totaling 22.5 hours over 6 nights. Five sites were sampled in total, representing
several types of habitat, including primary forest and disturbed habitat. Additionally, 4 nights of
sampling were completed at Sumak Kawsay In Situ (SKIS) between two habitat types, the
charcas (ponds) and a primary forest trail called “la cuchilla.” Three nights of sampling were
completed in the charcas, and 2 nights were completed along the cuchilla, for a total of 10.5
hours. Overall, 33 hours of visual encounter surveys were conducted over 11 nights.
Permission to sample at SKIS and in the Llanganates National Park was granted by
Ecuador’s Ministerio de Ambiente (Ministry of the Environment) under the permits of Alex
Bentley and the EcoMinga Foundation, MAE-DNB-CM-2016-0045 and NoMAE-DNB-CM2019-1020, respectively.
Site
Elevation (m)
Habitat Type
Dates
Hours
CH
1,450
Disturbed
Nov. 19 & 20, Dec. 2
5
CU
1,450
Primary forest
Nov. 21, Dec. 3
5.5
L1
1,500 – 1,550
Disturbed
Nov. 25
2.5
L2
1,600 – 1,675
Primary forest
Nov. 26 & 27
8
L3
1,930 – 2,190
Primary forest
Nov. 28
1.5
L4
2,195 – 2,240
Primary forest
Nov. 29
3.5
L5
2,140 – 2,500
Primary forest
Nov. 30
7
Total
1,050
11 days
33
Table 1. Visual encounter surveys. Sampling times and habitat types from the current study.
Data were recorded using the mobile phone application iNaturalist (iNaturalist Network).
For each frog that observed, the species identification, time of day, GPS point, and location
within the habitat was noted. The data can be accessed at the following web address:
https://www.inaturalist.org/observations?user_id=ella_day
Environmental factors
To characterize the elevational changes in habitat, several measures of the environment
were taken along the expedition route. Because there was not an accurate measure of elevation
available during the expedition, measurements were taken approximately every 30 minutes of
hiking. Measures of canopy cover, temperature, humidity, and soil pH were taken at each point.
1. Tree coverage
A spherical densiometer was used to measure the forest overstory density with every
estimated 50-meter increase in altitude. For each reading, the densiometer was held level, 12 to
18 inches from the reader’s body, at elbow height (about 1 m off the ground). Four equal-spaced

dots were visualized within each square on the densiometer’s grid, and the number of dots
corresponding to open canopy were counted. For each site, four readings of canopy cover were
taken, with each reading facing a different cardinal direction from the same position. The 4
readings were then averaged for an overall value at each location. A compass was used to
determine the cardinal directions for each measurement. The following calculation was used to
find the canopy cover for each site.
(𝑥𝑁 + 𝑥𝐸 + 𝑥𝑆 + 𝑥𝑊 )
𝐶𝑎𝑛𝑜𝑝𝑦 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 = 100 − 1.04 ∗
4
The variable xi represents the number of open canopy dots counted from each site, and
the readings from each of the four cardinal directions were averaged for each site.
2. Temperature and Humidity
To measure temperature, two instruments were used, and their values were averaged to
obtain a more accurate reading. The first instrument was a mercury thermometer, and the second
was a Kestrel 3000 Weather Meter. The Kestrel 3000 was also used to record relative humidity
at each point were data was recorded. Additionally, temperature and humidity were recorded
during each night’s search for frogs to get a better idea of the climate at night when the frogs
were active.
3. Soil pH
To measure soil pH, the LaMotte Garden Guide Soil Test Kit was used at every data
collection point and at each site where frogs were visually sampled. As resources were limited,
the LaMotte Garden Guide Soil Test Kit formula for each test was decreased to one third of the
indicated amount. A 0.5 g scoop of soil was added to a test tube with 1.3 mL of pH indicator
solution. The tube was then capped and gently mixed for 1 minute and then left to settle for 10
minutes. At this point, the color of the solution in the tube was compared to the pH color chart
that came with the kit and the pH value was recorded.
Data Analysis
1. Frog community composition
To analyze the community composition data, the eight sites were separated into groups
by habitat type and elevation. First, the two sites with disturbed forest habitats were separated
out. Then, the six primary forest sites were compared against each other to determine any
significant differences. Due to the 475 m gap between sites L2 and L3, these sites were divided
into two groups by elevation: Primary Low and Primary High. The breakdown of these sites is
shown in Table 2.
Group
Sites
Elevation Range
Disturbed Forest
CH, L1
1,450 - 1,550 m
Primary Low
CU, L2
1,450 - 1,675 m
Primary High
L3, L4, L5
1,930 - 2,500 m
Table 2. Sample site comparisons. The displayed groupings created for data analysis were
chosen by elevation and habitat type.

2. Calculations
To compare the biodiversity of each site, the transformed Shannon-Weiner Entropy was
calculated using the following formula:
𝑅
𝐻

𝑒 𝑤ℎ𝑒𝑟𝑒 𝐻 = − ∑ 𝑝𝑖 𝑙𝑛𝑝𝑖
𝑖=1

The variable pi represents the percentage of the community population made up by a
certain species. The Jaccard Similarity Index was used to compare how similar the species
composition of each site was to every other site. A and B are the number of species found at sites
A and B, respectively.
|𝐴 ∩ 𝐵|
𝐽(𝐴, 𝐵) =
|𝐴 ∪ 𝐵|
To compare the coverage at each site, the following sample coverage equation was used.
𝑓1
𝑆𝑎𝑚𝑝𝑙𝑒 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 = 1 −
𝑛
The variable f1 is the number of singletons in a sample and n represents the total number
of individuals in a sample. All calculations were carried out using Excel software. Species
accumulation and coverage curves were generated using iNext software (Chao et al. 2016). To
determine the relationships between environmental factors and altitude, linear regressions were
employed for each factor recorded. Excel software was used to create the regressions.
Results
Frog community composition
Over the course of this study, a total of 211 individuals were recorded from 41 anuran
species (Table 3). The highest number of individuals recorded at one site was 46, and the lowest
was 7 (Table 3). The most abundant species was Osteocephalus verruciger, of which 33
individuals were recorded across two sites: L1 and L2. The next most abundant species were
Boana almendarizae, Orsonophryne simpsoni, and Pristimantis altamnis, which had 15, 12 and
11 individual sightings, respectively (Table 3). 60.9% of the species were recorded at only one
site, 22.4% of species were recorded at 2 sites, 9.8% of species were recorded at three sites, and
4.9% of species were observed at 4 sites (Table 3). No species were recorded at more than four
sites.
The most frequently encountered family was Strabomantidae, due to the large variety of
Pristimantis species (Table 3). The next most common families were Hylidae and Bufonidae,
with 6 and 2 species observed, respectively (Table 3). Thirteen individuals were too young to be
identified in the field and therefore could not be included in the analysis. These species were
juvenile Dendropsophus and Pristimantis individuals that lacked defining characteristics for
identification. It is more than likely that they are species that were already encountered.
Including them as different species that the others would have been an inaccurate representation
of the abundance and diversity of each site, so these data were excluded.

Species
Altitude (m)
Bufonidae
Osornophryne simpsoni
Rhinella festae
Centrolenidae
Chimerella mariaelenae
Dendrobatidae
Hyloxalus shuar
Hylidae
Boana almendarizae
Boana cinerascens
Dendropsophus parviceps
Dendropsophus sarayacuensis
Hyloscirtus psarolaimus
Osteocephalus verruciger
Leptodactylidae
Leptodactylus wagneri
Strabomantidae
Niceforonia nigrovittata
Noblella aff. lochites
Noblella personina
Pristimantis altamazonicus
Pristimantis altamnis
Pristimantis ardyae
Pristimantis bellae
Pristimantis bicantus
Pristimantis diadematus
Pristimantis eriphus
Pristimantis galdi
Pristimantis ganonatus
Pristimantis incomptus
Pristimantis katoptroides
Pristimantis mallii
Pristimantis petersioides
Pristimantis prolatus
Pristimantis quaquaversus
Pristimantis rubicundus

CH

CU

1,450

1,450

L1
1,500 1,550

L2
1,600 1,675

L3
1,930 2,190

L4
2,195 –
2,240

L5
2,140 –
2,500

Total

12

12
5

5

1,050

8

8

1

1

11
6
7
1

4
1

15
7
7
2
1
33

1
1
3

30

4

4
1
6
1
1

1

11
1
1

1

4
2

5

11

3

1
1
1
2
1
2
1
2
4
1

1
3

4
1

2
1
1
2

1

1
6
1
2
11
4
4
1
1
20
1
2
4
1
10
2
4
5
1

Pristimantis sacharuna
1
1
Pristimantis sp. nov 1
4
Pristimantis aff. eriphus 2
1
Pristimantis sp. nov 2
1
Pristimantis sp. nov 3
1
8
Pristimantis sp. nov 4
1
3
5
Pristimantis sp. nov 5
1
Pristimantis sp. nov 6
1
Pristimantis sp. 1
1
Pristimantis tinguichaca
1
Pristimantis yanezi
2
2
1
Total Individuals
38
39
7
46
19
20
41
Total Species
7
15
3
10
14
6
10
Table 3. Species presence and abundance across all sites. The sites are listed in order of
increasing elevation, and the elevation ranges for each sample site are specified. Species are
grouped by families and listed alphabetically. The presence and number of every species
encountered at each site is displayed.
New Species
Seven potentially new species of the genera Pristimantis were discovered in the
Llanganates National Park during this expedition. They are referenced here as Pristimantis aff.
eriphus 2 and Pristimantis sp. nov. 1-6. All seven species were recorded above 1,600 m elevation
(Fig. 3).

2
4
1
1
9
9
1
1
1
1
5
211
41

Figure 3. Species elevation ranges. Each species is represented with a line that corresponds to
the sites in which it was observed. Species in the lowest elevation range that were only observed
in site CH and CU are denoted in blue and green, respectively. New species are denoted in red.
Anuran Community Composition
1. Primary Forest Comparison
Five primary forest sites were sampled, with elevations ranging from 1,450 m to 2,500 m.
Their community compositions varied greatly, with some sites sharing no species, and others
sharing nearly half (Table 5, Fig. 4). The species richness and evenness were different among
primary forest sites. The site with the most species was the Cuchilla with 15 species, followed by
L3 with 14 species (Table 3). Two sites, L2 and L5, the highest elevation site, were tied for the
third most species, each with 10 species observed (Table 3). Site L4 had the least amount of
species at once site, with only 3 species encountered (Table 3). Some sites had a relatively even
species distribution, while others were strongly skewed towards one or two species (Fig. 4). The
composition of each site varied greatly (Fig. 4).

Figure 4. Species presence and percent makeup for primary forest sites. The species present
in each primary forest site are visualized as pie charts with their relative abundance values
displayed.
2. Important species
Each site was dominated by different species. Species that were most abundant in one
location were often not present in others (Fig. 4). The most abundant species of each site is
depicted below. In site CH, the most abundant species was Boana almendarizae, which made up
29% of the population (Fig. 4, Fig. 5A). In site CU, Pristimantis altamnis constituted 28% of the
population (Fig. 4, Fig. 5B). In site L1, Pristimantis mallii was most abundant, making up 42%
of the population (Fig. 4, Fig. 5C). In site L2, O. verruciger made up 66% of the population (Fig.
4, Fig. 5D). Pristimantis eriphus was the most abundant frog species in sites L3 and L4,
comprising 25% and 55% of those populations, respectively (Fig. 4, Fig. 5E). In site L5,
Osornophryne simpsoni was most abundant, making up 29% of the population (Fig. 4, Fig. 5F).
Three of the most abundant species are known to be endemic to Ecuador (Ortega-Andrade et al.
2021). In addition to the most abundant frog species, another important register was made of
Hyloscirtus psarolaimus at 2,010 m elevation (Fig. 6). The species is endemic to Ecuador and its

IUCN conservation status is vulnerable (Ortega-Andrade et al. 2021). IUCN conservation status
and endemicity data are accurate as of May 2021 (Ortega-Andrade et al. 2021).

Figure 5. The most abundant species. The most abundant frog species of each site are shown
with their corresponding IUCN and endemicity values. A) Boana almendarizae, B) Pristimantis
altamnis, C) Pristimantis mallii, D) Osteocephalus verruciger, E) Pristimantis eriphus, F)
Osornophryne simpsoni. IUCN ratings: LC = least concern, NT = near threatened, VU =
vulnerable, EN = endangered, DD = data deficient. Endemicity ratings: E = endemic, NE = not
endemic, E* = not rated by Ortega-Andrade et el. 2021, but endemic to Ecuador (Ron et al.
2021). Photos by Zane Libke.

Figure 6. Images of Hyloscirtus psarolaimus. This individual was registered at 2,010 m. Its
IUCN and endemicity ratings are displayed, using the same conventions as Fig. 5.
3. Diversity and Similarity Indices
The Transformed Shannon Entropy Index revealed that the site L3 (1,930 – 2,190 m) had
the highest biodiversity of the primary forest sites, with a value of 11.64 (Table 4). The site with
the lowest diversity was site L2, which had a biodiversity value of 3.72 (Table 4).

Table 4. Transformed Shannon-Weiner Entropy Indices for Primary Forest sites.
The Jaccard Index was used to calculate the similarity of anuran community
compositions between sites. The values range from 0 to 1, with 0 indicating no species in
common and 1 indicating identical species compositions. Site CU was most different from the
other primary forest sites, as it had the lowest Jaccard Index values (Table 5). Site L3 was most
similar to the other primary forest sites (Table 5). Among all primary forest sites, the two most
similar sites were L4 and L5, with an index value of 0.455 (Table 5). Only one site comparison
resulted in 0 shared species, between sites CU and L5, which were the farthest apart (1,050 m)
(Table 5).

Table 5. Jaccard Similarity Index values for the primary forest sites. The percentage of
species shared between each site pairing is displayed, and the elevation ranges for each site are
shown as well.
The species richness ranged between 6 and 15 species within the primary forest sites
(Fig. 7). Of the primary forest sites, site CU had the most species and individuals observed, while
site L4 had 6, the least species observed (Table 3, Fig. 7). There was a weak, negative correlation
between elevation and species richness (R2 = 0.3769).

Figure 7. Species richness for the primary forest sites. The number of species observed at
each primary forest site is plotted with a linear trendline (R2 = 0.3769).
There was a 475 m gap between sites L2 and L3, so the primary forest data was divided
into two groups: Primary Low and Primary High. By separating the primary forest sites into two
groups by elevation, a more complete comparison can be made between elevations and habitat
types. The Primary Low group had 86 individuals observed from 21 species, and the Primary
High group had 80 individuals observed from 19 species (Fig. 8).

Figure 8. Species presence and relative abundance of Primary Low and Primary High site
groupings. The names and relative abundance of each species is displayed for each habitat
group.

The Transformed Shannon Entropy for the Primary Low habitat was 10.54, and the
Primary High habitat had a Transformed Shannon Entropy of 11.44, indicating that the higher
elevation group had a higher species diversity (Table 6). The sample effort was comparable
between the primary forest habitat groupings (Table 6). The Primary Low habitat had a lower
coverage value than the Primary High habitat (0.872 versus 0.900), but the difference was slight
(Table 6, Fig. 11).
4. Comparison of 3 habitat types
There were two sites that were qualified as Disturbed Forest sites: CH and L1 (Table 2).
To qualify these sights as disturbed, the forest structure was taken into account, as well as the
presence of any human-created structures. These sites were located at 1,450 m and 1,500 m
elevation, and because these are relatively close altitudes, the data from these sites were
combined to create a larger set of data for this shared habitat type. Thus, the three main habitat
groupings can be compared for an overall analysis of the anuran community composition of the
vertical transect in the Abitagua Range.
The Primary Low and Primary High habitats had a higher species richness than the
Disturbed Forest habitat (Fig. 9, Fig. 10). The Primary Low habitat had the highest species
richness and diversity of all three habitat types (Fig. 10, Table 6). The Primary Low habitat had
the highest richness of all three habitat groupings, but the Primary High habitat had a higher
diversity (Fig. 10, Table 6). The Primary Low habitat had the highest sampling effort of 13.5
hours, followed by Primary High (12 hours), while disturbed habitat had the lowest sampling
effort (7.5hrs) (Table 6). The Primary Low group had the lowest coverage of all three sites,
indicating that this habitat type had the most un-observed species, and the true richness and
diversity of this habitat are likely higher than what was recorded in this study (Fig. 11). The
Primary Low and Primary High habitats are projected to have similar species richness values
with more sampling, but the richness of the Disturbed Habitat is expected to level out around 10
species (Fig. 11).

Table 6. Diversity summary for the 3 habitat types. The number of hours and nights spent
sampling in each habitat type is shown, as well as the number of singletons, doubletons, and
coverage for each habitat.

Figure 9. Percentage of each species encountered in each habitat grouping. For each habitat,
the names and percentages of each species are displayed as a pie chart.

Figure 10. Species richness for the 3 habitat types. The total number of species observed in
each of the three habitat groupings is displayed.

Figure 11. Species accumulation and sample coverage for each of the three habitat
groupings. The figure shows a 0.95 confidence interval and extrapolated values for a projected
sample effort of up to 100 individuals.

The Jaccard Similarity Index revealed that the three site groupings were very distinct
from one another (Table 7). The Primary High and Disturbed Forest habitat types were most
different from each other, as indicated by a Jaccard Index value of 0, meaning no species were
shared (Table 7). The most similar site groupings were Disturbed Forest and Primary Low, with
a value of 0.154 (Table 7).

Table 7. Jaccard Similarity comparison between habitat types. The Jaccard Similarity Index
was used to compare the species compositions between each habitat type.
Environmental Factors

Figure 12. Linear regression of environmental factors and altitude. A) Temperature and
altitude, R2 = 0.7133. B) Humidity and altitude, R2 = 0.0008. C) pH and altitude, R2 = 0.278. D)
Canopy cover and altitude, R2 = 0.0015.
There was a strong, negative correlation between altitude and temperature (R2 = 0.7133)
(Fig. 12A). The total range of temperatures recorded was 7.5 ºC, from 12.5 ºC to 20 ºC (Fig.
12A). The highest temperatures were recorded at the lowest elevation, 1450 m, and the lowest
temperatures were recorded at the highest elevation, 2500 m, following a negative correlation
(Fig. 12A). There was no observed correlation between altitude and relative humidity (R2 =

<0.005) (Fig. 12B). For the duration of the study, the relative humidity remained higher than
89%. It rained on several days during the expedition, and there was constant cloud cover.
Altitude and soil pH were weakly correlated (R2 = 0.278) (Fig. 12C). For the majority of
the study, the color of the pH indicator solution appeared to be less than a pH of 4. Because the
soil pH color chart used ranged from pH values of 4 to 8, the pH values were constrained to this
range, which may not have accurately reflected the pH of the soil. There was no observed
correlation between altitude and canopy cover (R2 = 0.0015) (Fig. 12D). The two lowest
coverage points are from site CH, one of the disturbed sites, which has very little canopy cover,
and from a point very near the top of the Llanganates trail where the habitat was dominated by
moss-covered tree falls, creating many irregular gaps in the canopy.
Other Amphibians
Two salamanders were encountered during this survey period. Both individuals were
conspecifics of Bolitoglossa aff. palmata, the only salamander known in the Río Anzu region
(Bentley et al. 2021). The individual observed in site L3F was found 1 m off the ground and was
likely a gravid female, and the other individual was found 2 m off the ground in the L2F sample
site.
Discussion
A total of 41 species from 6 families were observed during the 33 surveyed hours of this
study. The most common family was Strabomantidae, with most observations being from the
genus Pristimantis, which was especially common at the higher elevations. This was expected
because the genus is characterized by direct development, meaning there is no fully aquatic
tadpole stage, enabling Pristimantis species to survive in habitats not directly linked to a water
source (von May 2013). At the highest elevations, no water sources were detected near the
sample sites. The next most common family was Hylidae, which supports the hypothesis that the
most common anuran families of the expedition would resemble the results found in the 2019
study of SKIS (Libke 2019). Over half of the species recorded (60.9%) were recorded at only
one sample site, indicating that species range is highly localized for high elevation anurans
(Table 3). The high species turnover is supported by other studies of high elevation anurans
(Goyannes-Araújo et al. 2015). The discovery of seven potentially new frog species also points
to the hyper localization of high-altitude frog species. Additionally, this indicates that each frog
species occupies a specific niche and relationship to the vegetation and other fauna within its
elevational habitat.
Primary Forest Comparison
Within the 6 primary forest sites sampled, the community compositions varied greatly.
There was very high species turnover, and the evenness of sites sampled was also dependent on
sample site. For example, 60% of the community at site L2 was composed of a single species,
Osteocephalus verruciger (Fig. 4). This trend is likely due in part to this study’s relatively low
sampling effort. Combined with the fact that the study site was a superdiverse region, achieving
a complete sample would be nearly impossible. The recently published herpetological field guide
for the upper Río Anzu region registered 68 anuran species in what makes up the lower part of
this investigation’s study area (Bentley et al. 2021). Half of these species were encountered over
the course of this study, which is a very good amount, given the small sampling effort.

An interesting element of site L2 is that the forest structure was characterized by tall
grasses and heavy brush vegetation. Upon further analysis, this site could possibly be classified
as disturbed, especially once the frog diversity data is taken into account. This was surprising,
given that all sample sites of the expedition were located in a national park and expected to be
primary forest. This further highlights the constant pressure of human disturbance in protected
areas. More studies should be completed within the Llanganates National Park to verify how
much of the habitat has been disturbed by human activity.
Other sites had more even compositions, with no species comprising over 20% of the
community. The most diverse site was the Cuchilla (site CU), with a transformed ShannonWeiner Entropy value of 10.18 (Table 4). This site was primary forest with a stream running
through a large portion of the sample area, creating a large variety of niches that the other
primary forest sites lacked. This could be partially responsible for the diversity of species found
at site CU in comparison with the other primary forest sites. The least diverse site was L4 (2,195
- 2240 m), with only 6 species observed and a diversity index value of 3.94.
To compare the community composition within the primary forest habitat type, the
Jaccard Similarity Index was used. Each of the 5 sites was largely unique; the highest index
value was 0.455, between sites L4 and L5, indicating communities that were 45.5% similar.
These sites were adjacent and represented an elevational difference of 272 m. All other primary
forest sites were less similar, with two sites sharing no species at all. Even within the same
habitat category, the species composition differed drastically with incremental changes in
elevation, an effect that has been observed in other organisms, such as orchids (Jost 2004). The
species richness of the primary forest sites was also varied. Site CU was most species rich with
15 species, and site L4 was the least species rich, with 6 species (Fig.3).
There was an overall negative trend in species richness as elevation increased, but the
correlation was weak. The species richness results could have been affected by an unequal
sampling effort between the sites. Site L3 had the lowest species richness recorded, and it also
had the smallest sampling effort, which indicates that with more sampling, higher values might
be recorded at this site. The overall negative trend in species richness does not follow Rapoport’s
rule, an eco-geographical principle that states that as altitude increases, species richness increases
initially and then decreases, creating a hump-shaped pattern (Willig & Presley 2018). Several
recent studies of amphibian species richness have also found that Rapoport’s richness-altitude
rule does not apply (Goyannes-Araújo et al. 2015, Hu et al 2011, Gaston et al. 1999).
Additionally, a 2002 study found that for tropical, high altitude ecosystems, there may be other,
more important factors in determining species range than elevation, such as the presence of water
(Navas). The importance of water holds true for this investigation, as water was omnipresent at
all study sites. A 2012 study made the argument that Rapoport’s rule chiefly applies to northern
latitudes, which experience a more pronounced seasonality, leading to significant changes in
water availability and temperature, and may not be applicable to southern latitudes (Whitton et
al. 2012).
The Primary Low group had a species richness of 21, while the Primary High group had a
richness of 19. A similar number of species were observed at the lower elevation sites and the
higher elevation sites. The Primary High group was more diverse than the Primary Low group,
but given that the Primary Low site had a lower coverage value, it is possible that the true
diversity of the lower elevation sites is higher than what was sampled. These data indicate that
the Primary Low and Primary High habitats have comparable species richness and diversity
values, which is not consistent with Rapoport’s rule.

Comparison of 3 Habitat Types
To compare with the two groups of primary forest sites, the two disturbed forest sites, CH
and L1, were grouped together and named “Disturbed Forest.” The Disturbed Forest group had
the lowest species richness and diversity when compared to the Primary Low and Primary High
groups, despite having the highest coverage value of 0.973. This habitat group also had the
smallest sampling effort between the three groups, so it is possible that the species richness and
diversity values are not representative. The iNext extrapolation curves were used to more
accurately compare this habitat type with the Primary Forest groups. At an extrapolated sample
effort of 100 individuals per site, the Disturbed Habitat was expected to have half the species
richness of the Primary Forest sites. The Disturbed Forest coverage is extrapolated to be the
highest of all three groups as well. From these data, it can be inferred that the Disturbed Forest is
likely less species rich and less diverse than the Primary Forest sites, which is consistent
previous findings that cloud forest frog communities are extremely sensitive to disturbance
(Cubides & Cardona 2011).
Comparing the similarity of the communities in these three groups reveals that the
Disturbed Forest shared no species with the Primary High group and shared 15.4% of species
with the Primary Low group. There was an elevational overlap between Disturbed Forest
Primary Low, which explains the shared species. However, 15.4% is a low percentage of species
to share for being at overlapping elevations. The difference in habitat characteristics of a primary
forest and a disturbed forest is likely responsible for the difference in species presence. The two
primary forest sites were only 11.1% similar, which signals very localized populations of frog
species at high altitudes in primary forest. This is further suggested by Figure 1, which shows the
sites where each species was observed. The majority of species were found at only one site, even
within small elevational ranges. For example, sites CH and L1 were only 50 m apart in elevation,
yet they shared only 1 species.
New Species
The high species turnover outlined by this study is highlighted by the discovery of 7
possibly new species above 1,600 m elevation, all from the genus Pristimantis. In recent years,
more attention has been paid to the Río Pastaza region of Ecuador for its promise of new species
(Yánez-Muñoz et al. 2010a, Reyes-Puig et al. 2015, Reyes-Puig et al. 2019). This study calls
attention to the importance of elevation in biodiversity studies. More focus should be placed on
regions such as the Río Pastaza basin that have altitudinal gradients and therefore unique
microhabitats that can foster biodiversity. Many of the higher altitude regions are uncharted and
have not been researched, so with more expeditions at higher altitudinal ranges, more species
will certainly be discovered, from anura and other orders. The importance of discovering new
species goes beyond the benefit to empirical science. Most conservation efforts rely on
biodiversity and species distribution data to claim areas for protection against human
disturbances, such as petroleum extraction and development, which can devastate local anuran
populations (McCracken et al. 2014). In this study, no new species were discovered in disturbed
habitats, highlighting the impact of human interference. Thus, discovering new species,
especially those that are endemic to small regions, can have a huge impact for conservation and
land protection.
In addition to the potential new species discovered, another important register was made
of H. psarolaimus (Fig. 6). This altitude register (2,010 m) is surprising because H. psarolaimus

needs a body of water to reproduce, and there were no bodies of water observed at this altitude. It
is unclear how this species is reproducing at this altitude, an important topic of future study.
Environmental Factors
The environmental factor most strongly correlated with elevation was temperature, which
showed a strong, negative correlation (Fig. 12A). This relationship supports the hypothesis that
temperature would decrease with elevation. The other three environmental factors were not
significantly correlated with elevation and appeared to show little to no trend. The relative
humidity remained above 89% for the duration of the expedition and at SKIS. Humidity and
precipitation are likely not correlated with the frog community composition surveyed here
because they were relatively constant at all elevations sampled, not following the assumption that
humidity would increase with elevation.
The soil pH measures were largely inconclusive because all of the Llanganates trail soil
samples had a pH of 4. However, the pH color chart only indicated values between 4 and 8, and
the pH indicator solution often appeared to be less than 4. Therefore, it is unclear what the exact
soil pH values were for 6 of the 8 sites. Future studies should use a wider-range method to obtain
true pH readings. Assuming the pH reading of 4 was accurate, with the SKIS site soil pH values
taken into account, there was a weak, negative correlation between altitude and soil pH (R2 =
0.278). Soil pH reflects a number of factors, including parent material, topography, climate,
which organisms are present, and other factors (Natural Resources Conservation Service). In
warm and humid environments, soil pH decreases over time due to the leaching of soil nutrients
by consistent rainfall (Natural Resources Conservation Service). It is possible that the pH values
in this study were lower due to precipitation and nutrient leaching, but it is also likely that the
low pH values are due to the high quantity of decomposing organic material in the soil. At most
sites, several inches of leaf litter had to be cleared in order to reach the soil for a sample. This
data tentatively supports the hypothesis that pH would decrease with elevation. However, the
mechanism for this decrease remains unclear, as do the exact pH values. A 2004 study found that
amphibians do not avoid acidic environments, even when given the opportunity to migrate
(Mazerolle et al. 2005). Therefore, the soil acidity of the Llanganates trail is likely not a
dominant factor in mediating where frog species occur along the vertical elevation gradient.
The canopy cover did not show a significant correlation with elevation, which did not
support the hypothesis that the canopy coverage would decrease with elevation. With the
exception of 2 sites, the canopy cover was consistently higher than 80%. The 2 outlier sites were
either in site CH, a disturbed, grassy habitat, or near a tree fall at 2,427 m elevation. Canopy
cover was largely homogenous at all elevations, and therefore was likely not a major factor in
determining anuran community composition.
However, it is important to note that the high-altitude region of the Río Pastaza basin is
known to have a very high level of endemism, in flora and fauna, that is largely caused by
microclimates and their subsequent microhabitats (Jost 2004). This area is incredibly
megadiverse due to microhabitats, augmented by differences in community composition over the
very small gradient that was sampled. This incredible amount of species radiation is due to
environmental changes that exist on a very minute scale, such as fine-scale topography changes,
which are on a degree that was too precise to be measured with the tools available for this
project. There are environmental factors that contribute to these microclimates and their
subsequent endemism, but they weren’t able to be captured with this study’s instruments.

Conclusions
These results suggest that elevation is an extremely important factor in determining frog
community composition in the montane tropical forest of the Eastern Andes. The species
turnover was very high between all sites sampled, and the most similar sites within the same
habitat type were only 45.5% similar. There were no breaks in the habitat impeding potential
movement of individuals, and the dense primary forest was continuous between these sites,
which is consistent with the findings of another study of forest structure in a separate region of
the Río Pastaza Basin (Ulloa et al. 2021). Because the environmental factors measured did not
vary significantly with altitude, altitude is likely the key factor in determining the anuran species
composition of the Abitagua Range. However, more precise studies of the region’s
environmental factors are needed to confirm this finding.
The majority of new species were found within a 570 m elevation range, which implies
that the Abitagua Range in the Pastaza basin of Ecuador represents a site of high endemicity for
anurans and other herpetofauna as well (Yánez-Muñoz et al. 2010b & Torres-Carvajal et al.
2021). The most species rich elevation range was the Primary Low group, with 21 species
encountered. Six of the seven potentially new species were found in the Primary High elevation
range, and the other 1 was found in the Primary Low elevation range. Therefore, more attention
should be given to the Abitagua Range for the promise of more new species of frogs and other
amphibians. Future herpetological studies should focus on the Primary High elevation range of
1,450 m to 1,675 m because it has proven to have the highest species diversity, and in this study,
the largest number of potentially new species.
In summary, the herpetofauna of Ecuador are very threatened by petroleum activity, and
more studies are needed to assess the biodiversity and community composition of each region’s
unique fauna, especially the areas that have been determined to be regions of high endemism,
such as the Eastern Andes tropical montane forests. This study alone, that surveyed a very small
portion of the Llanganates National Park, discovered 7 potentially new species. The possibility
of finding even more new species in the region is incredibly high, and the importance of these
discoveries cannot be over-stated. Additionally, investigating the factors that influence the
endemism of herpetofauna in these regions can provide insight into how species have historically
and evolutionarily been distributed in what are now known as biodiversity hotspots. These data
can also provide government entities with the regions of highest biodiversity for concentrated
conservation efforts, which will prove vital as more and more land is threatened by petroleum
and mining activities.
Limitations and Future Directions
A limitation of this study was the inability to identify juvenile frogs of Pristimantis and
Dendropsophus species. Thirteen individuals could not be identified, which was a significant
portion of the data collected in this study. Future studies should return to Abitagua Range to
continue surveying for new species of frogs, and an added genetics component could offer more
conclusive data on the potential discovery of new species. This study alone encountered 7 new
species after spending only a few hours at each elevation sampled. A long-term monitoring study
would be very beneficial for the analysis of anurans at high elevations and could also gather
more representative climate data with more precise instruments. Additionally, more measures of
environmental factors would give a more comprehensive view of the habitats at different
elevations. Added measures of vegetation such as DBH and forest structure would also create a
better comparison of habitats with elevation (Ulloa et al. 2021). Increased levels of canopy

stratification can create more ecological niches and increase the number of species an ecosystem
is able to support, leading to higher diversity in more stratified forests. This factor would be
particularly important for arboreal herpetofauna, including glass frogs and salamanders.

Bibliography
Bentley, A. G., Reyes-Puig, J. P., Yanez-Muñoz, M. H., Gordon Domínguez, F., & Sánchez
Sarango, H. U. (2021, September). Guía fotográfica herpetofauna. WWF. Retrieved
December 9, 2021, from https://www.wwf.org.ec/?369873%2Fherpetofauna.
Chao, A., Ma, K. H., and Hsieh, T. C. (2016) iNEXT (iNterpolation and EXTrapolation) Online:
Software for Interpolation and Extrapolation of Species Diversity. Program and User’s
Guide published at http://chao.stat.nthu.edu.tw/wordpress/software_download/.
Cubides, P. I., & Cardona, J. U. (2011). Anthropogenic disturbance and edge effects on anuran
assemblages inhabiting cloud forest fragments in Colombia. Natureza & Conservacao, 9,
39-46.
EcoMinga Foundation. (n.d.). EcoMinga Foundation's Rio Zuñac Reserve. EcoMinga. Retrieved
December 11, 2021, from http://ecominga.com/Zunac.htm.
Fauth, J. E., Crother, B. I., & Slowinski, J. B. (1989). Elevational patterns of species richness,
evenness, and abundance of the Costa Rican leaf-litter herpetofauna. Biotropica, 178185.
Gaston, K. J., & Chown, S. L. (1999). Why Rapoport's rule does not generalise. Oikos, 309-312.
Goyannes-Araújo, P., Siqueira, C. C., Laia, R. C., Almeida-Santos, M., Guedes, D. M., & Rocha,
C. F. D. (2015). Anuran species distribution along an elevational gradient and seasonal
comparisons of leaf litter frogs in an Atlantic Rainforest area of southeastern Brazil. The
Herpetological Journal, 25(2), 75-81.
Hu, J., Xie, F., Li, C., & Jiang, J. (2011). Elevational patterns of species richness, range and body
size for spiny frogs. PLoS One, 6(5), e19817.
iNaturalist Network. (n.d.). iNaturalist. Retrieved December 8, 2021, from
https://www.inaturalist.org/.
Jongsma, G. F., Hedley, R. W., Durães, R., & Karubian, J. (2014). Amphibian diversity and
species composition in relation to habitat type and alteration in the Mache–Chindul
Reserve, Northwest Ecuador. Herpetologica, 70(1), 34-46.
Jost, L. (2004). Explosive local radiation of the genus Teagueia (Orchidaceae) in the Upper
Pastaza watershed of Ecuador. Lyonia, 7(1), 41-47.
Libke, Z. (2019). A Delicate Balance: The Effects of Habitat Type on Frog Communities: A
three-pronged study examining the effects of differing habitat characteristics on anuran
diversity at el Centro de Investigación Sumak Kawsay in situ, Ecuador.

Marc J. Mazerolle (2005) Peatlands and green frogs: A relationship regulated by
acidity?, Écoscience, 12:1, 60-67, DOI: 10.2980/i1195-6860-12-1-60.1
McCracken, S. F., & Forstner, M. R. (2014). Oil road effects on the anuran community of a high
canopy tank bromeliad (Aechmea zebrina) in the upper Amazon basin, Ecuador. PloS
one, 9(1), e85470.
Ministerio del Ambiente. (2015). Parque Nacional Llanganates. Llanganates National Park |
Sistema Nacional de Áreas Protegidas del Ecuador. Retrieved December 8, 2021, from
http://areasprotegidas.ambiente.gob.ec/en/areas-protegidas/llanganates-national-park.
Natural Resources Conservation Service. (n.d.). Soil pH. United States Department of
Agriculture.
Navas, C. A. (2002). Herpetological diversity along Andean elevational gradients: links with
physiological ecology and evolutionary physiology. Comparative Biochemistry and
Physiology Part A: Molecular & Integrative Physiology, 133(3), 469-485.
O'Brien, D. M., Silla, A. J., & Byrne, P. G. (2020). Nest site selection in a terrestrial breeding
frog: interrelationships between nest moisture, pH and male advertisement. Animal
Behaviour, 169, 57-64.
Ortega-Andrade, H. M., Rodes Blanco, M., Cisneros-Heredia, D. F., Guerra Arévalo, N., López
de Vargas-Machuca, K. G., Sánchez-Nivicela, J. C., ... & Yánez Muñoz, M. H. (2021).
Red List assessment of amphibian species of Ecuador: A multidimensional approach for
their conservation. PloS one, 16(5), e0251027.
Pizzini, M. (2007). Habitat Factors that Influence Oviposition Sites in Ecuadorian Glass
Frogs (Doctoral dissertation).
Reyes-Puig, J. P., Reyes-Puig, C. P., Pérez-Lara, M. B., & Yánez-Muñoz, M. H. (2015). Dos
nuevas especies de ranas Pristimantis (Craugastoridae) de la cordillera de los Sacha
Llanganatis, vertiente oriental de los Andes de Ecuador. ACI Avances en Ciencias e
Ingenierías, 7(2).
Reyes-Puig, J. P., Reyes-Puig, C., Ron, S., Ortega, J. A., Guayasamin, J. M., Goodrum, M., ... &
Yánez-Muñoz, M. H. (2019). A new species of terrestrial frog of the genus Noblella
Barbour, 1930 (Amphibia: Strabomantidae) from the Llanganates-Sangay Ecological
Corridor, Tungurahua, Ecuador. PeerJ, 7, e7405.
Ron, S. R., Merino-Viteri, A. Ortiz, D. A. 2021. Anfibios del Ecuador. Version 2021.0. Museo
de Zoología, Pontificia Universidad Católica del Ecuador. <
https://bioweb.bio/faunaweb/amphibiaweb>, Retrieved December 10, 2021.
Sumak Kawsay in situ. SKIS. (2018). Retrieved October 24, 2021, from
https://www.sumakkawsayinsitu.org/english.

Torres-Carvajal, O., Parra, V., Sales Nunes, P. M., & Koch, C. (2021). A new species of
microtegu lizard (Gymnophthalmidae: Cercosaurinae) from Amazonian Ecuador. Journal
of Herpetology, 55(4), 385-395.
Ulloa, C. O. P., Ferro-Díaz, J., Carpio, P. L., & Rodríguez, Y. C. (2021). TREE STRUCTURE
IN THE FOREST OF PINDO MIRADOR BIOLOGICAL STATION, PASTAZA,
ECUADOR. FLORESTA, 51(4), 1010-1018.
von May, R. (2013, February). Family Strabomantidae. Amphibiaweb. Retrieved December 10,
2021, from https://amphibiaweb.org/lists/faminfo/Strabomantidae_long.html.
Whitton, F. J., Purvis, A., Orme, C. D. L., & Olalla‐Tárraga, M. Á. (2012). Understanding global
patterns in amphibian geographic range size: does Rapoport rule?. Global Ecology and
Biogeography, 21(2), 179-190.
Willig, M. R., & Presley, S. J. (2018). Rapoport rule. Rapoport Rule - an overview |
ScienceDirect Topics. Retrieved December 10, 2021, from
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/rapoport-rule.
Yánez-Muñoz, M. H., Cisneros-Heredia, D. F., & Reyes-Puig, J. P. (2010a). Una nueva especie
de rana terrestre Pristimantis (Anura: Terrarana: Strabomantidae) de la cuenca alta del
Río Pastaza, Ecuador. ACI Avances en Ciencias e Ingenierías, 2(3).
Yánez-Muñoz, M. H., Meza-Ramos, P. A., Ortega-Andrade, M., Mueses-Cisneros, J., ReyesPuig, M. M., Reyes-Puig, J. P., & Durán, J. C. (2010b). Nuevos datos de distribución de
ranas de cristal (Amphibia: Centrolenidae) en el oriente de Ecuador, con comentarios
sobre la diversidad en la región. ACI Avances en Ciencias e Ingenierías, 2(3).

